On the basis of the affinity of alumina towards hydroxyl functional groups, a solid phase microextraction (SPME) fiber was constructed using alumina powder and poly(vinyl chloride) (PVC). Different compositions were tested and alumina:PVC (97:3) was selected as an optimun composition. A piece of silver wire was used as fiber support. The fiber producing was simple and could be completed in a few minutes. The mechanical durability of the fiber was so good that only a single fiber was used during this study. Ethanol, 1-butanol, 2-butanol, 1-pentanol, 2-pentanol and cyclohexanol were selected as target analytes. Finally, ethanol concentration in the fruit juices and vinegar was measured using SPMEcapillary gas chromatography followed by flame ionization detection.
Because of the widespread applications of various organic solvents in a considerable number of industrial processes, large enough amounts of these compounds can be released in the ambience to cause environmental pollution, public concern and legislation problems. The majority of organic solvents are volatile or semi-volatile and more or less soluble in water; therefore, they can equally occur in the atmosphere, 1 water, 2 sediment 3 and soil. 4 Furthermore, organic solvents such as alkanes, benzene, 5 and alcohols 6 may represent serious health risk factors. Alcohols are widely used in the pharmaceutical and cosmetic industries and as raw materials in the manufacture of surfactants. 7 However, the main difficulty with the liquid chromatography (LC) of these substances is their detection. Many methods including gas chromatography, [8] [9] [10] [11] [12] enzymatic 13, 14 and spectrophotometric methods 15 have been described for the determination of alcohols. Several precolumn derivatization methods have been reported for the determination of alcohols using high-performance liquid chromatography (HPLC). These methods involve derivatization with reagents such as phenylisocyanate 16 and 3,5-dinitrobenzyl chloride 17 for the determination of aliphatic alcohols with ultraviolet (UV) detection. Sensitive determinations of aliphatic alcohols with fluorometric detection after precolumn derivatization have also been reported.
These include derivatization with 4-dimethylamino-1-naphthoyl nitrile, 18 2-methyl-1,1′-binaphthalene-2′-carbonyl nitrile, 19 the azide 20 and chloride 21 derivatives of 3,4-dihydro-6,7-dimethoxy-4-methyl-3-oxaquinoxaline-2-carboxylic acid, 7-methoxycoumarin-3-and 4-carbonyl azides, 22 4-diazomethyl-7-methoxycoumarin, 23 and 1-anthroyl-and 9-anthroylnitriles. 24 Solid phase microextraction (SPME) is a simple and rather inexpensive method, which involves no organic solvents, and is easy to use. Thus it has gained widespread acceptance in many areas in recent years. SPME introduced by Pawliszyn and coworkers [25] [26] [27] has received increasing attention and is now widely accepted as a reliable technique. It has been applied for the determination of a wide spectrum of analytes in a variety of matrices. The most widespread uses seem to be analysis of volatile and semi-volatile compounds in water. Examples in this area include determination of substituted benzene compounds, 28 volatile organic compounds, 29 polycyclic aromatic hydrocarbons and polychlorinated biphenyls, 30 pesticides, 31 phenols, 32 fatty acids, 33 as well as lead and tetraethyl lead. 34 In previous works [35] [36] [37] [38] we proposed solid phase microextraction fibers based on metallic wires and that can be used for sampling alkanes, amines and organophosphorous pesticides. In continuations of these studies, a silver wire coated with a mixture of poly(vinyl chloride) (PVC) and alumina was used as a new solid phase microextraction fiber for sampling of alcohols from the gaseous phase.
Experimental

Chemicals
Ethanol, 1-butanol, 2-butanol, 1-pentanol, 2-pentanol and cyclohexanol were used as analytes. These compounds, with purity above 99%, were supplied from E. Merck (Darmstadt, Germany). Distilled water was used as a solvent for alcohols. Alumina (Al2O3), poly(vinyl chloride) (PVC) and THF (all analytical-reagent grade; Merck, Darmstadt, Germany) were used in preparation of the fiber.
Apparatus
A GC apparatus (STG-101b gas chromatograph) equipped with a split/splitless injector and a flame ionization detector (FID) was used in this study. The separations were performed on a PERMABOND ® CW 20M capillary column (30 m × 0.25 mm i.d., 0.15 µm film thickness) (Macherey-Nagel, Germany). The SPME device used in all experiments was manufactured by Azar Electrode Company (Urmia, Iran).
GC conditions
The injection was carried out in the splitless mode for 5 min. The detector temperature was 250˚C; it was fed with 30 ml/min of hydrogen, 300 ml/min of air and 30 ml/min of nitrogen as make-up gas. An injector temperature of 300˚C and an oven temperature program [40˚C (5 min), 10˚C/min, 70˚C (10 min)] were used. The carrier gas was nitrogen with a column-head pressure of 20 p.s.i. (1 p.s.i. = 56894.76 Pa).
Fiber preparation
Alumina powder 0.458 g was added into a solution of 0.015 g PVC powder in 2 ml THF and mixed well. After a few minutes, THF was evaporated and a viscous suspension was left. A piece of silver wire (1.5 cm), which was mounted in SPME device, was repeatedly introduced into the above suspension. After evaporation of THF in room temperature, a firm porous coating of sorbent in PVC matrix was formed on the silver wire. Then, the fiber was conditioned in an injection port of a gas chromatograph in 300˚C for 10 min to remove fiber contaminations.
Preparation of standard solution
Each standard solution of alcohols was prepared by transferring 1 µl of ethanol and 10 µl of the other studied alcohols into a 10-ml volumetric flask. They were diluted with distilled water at room temperature and stored at 4˚C in a refrigerator.
Solid phase microextraction procedure
To prepare gaseous samples for optimizing the extraction process, a 1-µl standard solution was injected into the extraction vessel (100-ml glass volumetric flask). The resulting sample had the following composition: ethanol, 0.82 µg l -1 ; 1-butanol, 8.1 µg l -1 ; 2-butanol, 8.1 µg l -1 ; 1-pentanol, 8.1 µg l -1 ; 2-pentanol, 8.1 µg l -1 and cyclohexanol 9.4 µg l -1 . The fiber was exposed to the analytes in gaseous phase for 10 min at room temperature (25 ± 3˚C) and then transferred to the injector to be desorbed (300˚C, 5 min). The extraction vessel was cleaned before the next experiment. It was held in an oven at 200˚C for 5 min, and then nitrogen was purged in for 10 min. All studies were made in triplicate and the average values were calculated.
Results and Discussion
Selecting optimum composition of coating
For this purpose, fibers with the following coating compositions (by weight percent) were prepared (PVC:alumina, 3:97, 5:95, 10:90, 20:80 and 30:70). The extraction procedure was performed as mentioned above and the best composition was selected according to Fig. 1 . As is shown in this figure, the coating produced from PVC:alumina (3:97) composition has the maximum extraction efficiency in adsorption of the analytes. It should be mentioned that, when the percent of PVC selected was less than 3%, the mechanical stability of the fiber intensely decreased and the fiber became useless. At higher percent concentrations of PVC, the active sites of alumina were coated with PVC and the adsorption efficiency of the fiber towards the studied analytes decreased.
Optimization of the extraction time
For optimizing the extraction time, we exposed the fiber to the gaseous sample for 5, 10, 15 and 30 min. Then, the fiber was retracted into the needle, transferred into injection port of GC and the desorbed analytes were determined. As is shown in Fig.  2 after 10 min the extraction equilibrium was established for all analytes.
Optimization of the extraction temperature
A change in extraction temperature has several effects on the microextraction. If the temperature increases, the diffusion coefficients increase too, but the partition coefficients decrease. Because the diffusion coefficients are increased, the time required to reach equilibrium is decreased. Finally, due to lowered partition coefficients to the extraction phase, the extracted equilibrium amounts decrease. These effects can be observed in Fig. 3 . This figure represents the extraction temperature profiles for alcohols in the mixture. As is seen, the extracting ability of the fiber was increased or remained constant over the temperature range of -5 -25˚C, but it was decreased at higher temperatures for all analytes. Hence, room temperature (25 ± 2˚C) can be selected as an optimum temperature for extraction in this study.
Optimization of desorption of analytes from sorbent
Thermal desorption of the analytes adsorbed on the fiber was carried out at 100, 150, 200, 250 and 300˚C for 2 min in an injection port of the GC. Results showed that even at 300˚C complete desorption of the adsorbed alcohols had not occurred,
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ANALYTICAL SCIENCES SEPTEMBER 2004, VOL. 20 Fig. 1 Comparison of the extraction efficiency for the proposed SPME-fibers prepared using different compositions of alumina and PVC. Fig. 2 Effect of time on amount of the alcohols extracted by SPME-fiber. which indicates that the interaction of analytes with alumina is very strong. However, in this study, we selected 300˚C as a desorption temperature for further studies due to some technical problems in adjusting injection port at temperatures higher than 300˚C. On the other hand, the binder (PVC) used in the fiber preparation is not stable at temperatures above 300˚C. For studying the effect of time on the amount of desorbed analytes, after adsorption of analytes on the fiber, we placed it in an injection port of GC for 0 (immediately injection), 1, 3, 5 and 8 min. As it is shown in Fig. 4 , thermal desorption of all analytes completed after 3 min.
Complete removal of alcohols from gaseous samples by the proposed fiber
To evaluate the adsorption capacity of the proposed fiber, we carried out some exhaustive experiments by successive extractions performed on a single sample. In the first extraction, 37 -43% of analytes could be extracted by the fiber, which indicates that the proposed fiber is a high capacity fiber for alcohols. After extracting for eight times, extraction recovery reached over 99% for all analytes (Fig. 5) .
Influence of storage time on alcohols adsorbed on the fiber
To evaluate the stability of alcohols adsorbed on the proposed fiber after extraction, we retracted the fiber into the needle of the SPME device and held it there for 10 h at room temperature. The obtained results show that the analytes that remained on the fiber after the previous period were much decreased. The peak areas were only about 10% of those obtained by injecting adsorbed analytes into the GC immediately after extraction.
Study of repeatability and reproducibility
In order to assess the repeatability (for one fiber) and reproducibility (fiber-to-fiber), we constructed three fibers under the same experimental conditions and six repeated experiments were carried out using each fiber. The relative standard deviations (RSD%) for each fiber and for fiber-to-fiber were calculated and are summarized in Table 1 . These data show that repeatability of the method is good and that RSD% for one fiber is less than 4%. Such reproducibility is acceptable and RSD% for fiber-to-fiber is 23% or less for all analytes.
Performance evaluation of the proposed method
Linearity and detection limits were evaluated in order to assess the performance of the proposed method. Results are shown in Table 2 . The calibration studies were performed with alumina fiber, using 100 ml spiked gaseous samples. These samples were analyzed in duplicate at optimal extraction conditions established by design and complementary experiments discussed above. Calibration curves are linear in the concentration range studied: from 0.05 to 9 µg l -1 for ethanol, 1 to 50 µg l -1 for 2-butanol, 0.5 to 30 µg l -1 for 1-butanol and 2-pentanol, 1 to 30 µg l -1 for 1-pentanol and 0.3 to 20 µg l -1 for cyclohexanol. As can be seen in Table 2 , the correlation coefficient (r) values are higher than 0.991 for all compounds. Thus, a directly proportional relationship between the extracted amount of alcohols and their initial concentrations in samples at tested concentration ranges is demonstrated. Detection limits (based on a signal-to-noise ratio 3) are shown in Table 2 . These are below 0.02 µg l -1 for ethanol, below 0.3 µg l -1 for 2-butanol and 1-pentanol, below 0.2 µg l -1 for 1-butanol and 2-pentanol, and below 0.1 µg l -1 for cyclohexanol.
Determination of alcohols in real samples
To solution or of sample was injected into a 100-ml extraction vessel and a fiber was exposed to the gaseous phase. After the exposure time had finished, the adsorbed analytes were transferred to the injection port of GC and analysis was performed according to the previously mentioned conditions.
A new fiber was constructed in this study using a mixture of alumina and PVC. It was used for sampling different alcohols. High capacity, cheapness and stability (chemical, thermal and mechanical) are the main advantages of the proposed fiber. This fiber was finally used for sampling and analyzing the ethanol content of different fruit juices and vinegar. Analysis of the studied alcohols can be performed at µg l -1 level after their preconcentration on the fiber proposed in this study. The construction of the fiber is reproducible and can be completed in only a few minutes.
